A rapid biochemical method for the identification of Gardnerella vaginalis has been developed. The method is based on the fermentation of starch and raffinose and on the hydrolysis of hippurate. With this new procedure, identification was confirmed for 390 of 396 G. vaginalis isolates within 1 h after their inoculation into the three substrates.
Gardner and Dukes (5) proposed the name Haemophilus vaginalis for the catalase-and oxidase-negative, gram-negative bacilli which they isolated from the vaginal secretions of patients with nonspecific vaginitis and from the genitourinary tracts of their sexual contacts (6) . Subsequent investigators, however, observed the organism to be pleomorphic and, under certain conditions, to stain either gram-variable or gram-positive. These observations, together with the fact that the organism could be cultured on media lacking X and V factors, led to the suggestion that it be placed in the genus Corynebacterium (14, 24) . More recently, however, taxonomic studies by Greenwood and Pickett (10) and Piot et al. (18) showed that the organism is not related to Haemophilus or Corynebacterium, and the former group proposed that it be placed in a new genus, Gardnerella. Nomenclature for this organism remains unresolved, and in this paper we will use the name Gardnerella vaginalis.
Although G. vaginalis has been closely associated with vaginitis, nongonococcal urethritis, cystitis, and abortion (5, 13, 15, 17, 19) , the report by some workers that the organism can be isolated from the vaginal tract of symptomless individuals has clouded the view of G. vaginalis as a pathogen (7, 12) . However, as noted in a recent review by Gardner (4) , the majority of the publications on clinical studies of G. vaginalis support the original observation that this organism is the cause of nonspecific vaginitis. Additionally, Spiegel et al. (22) have recently shown that G. vaginalis was the only organism consistently isolated from the vaginal secretions of patients with nonspecific vaginitis. Since most publications support G. vaginalis as a pathogen, it therefore follows that a simple and rapid laboratory procedure should be available to identify this organism.
Several approaches for the identification of G. vaginalis have been suggested (1-3, 8, 11, 16) . Unfortunately, there is no agreement as to the number and selection of laboratory tests to be used as criteria for the definitive identification of this organism.
Some investigators have reported the fermentation of dextrose, maltose, starch, and lactose (2, 3, 11, 16) as a means of identifying G. vaginalis. Others (1, 9) have shown that this approach has drawbacks, since fermentation of dextrose and lactose is variable for G. vaginalis, and use of a biochemical scheme that requires fermentation of dextrose or lactose will not correctly identify all isolates. In addition, use of criteria based on the fermentation of dextrose, maltose, starch, and lactose will fail to differentiate G. vaginalis from other catalase-and oxidase-negative and gram-negative-staining G. vaginalis-like organisms, since G. vaginalis-like organisms and G. vaginalis will ferment maltose (1). Smith has shown that G. vaginalis-like organisms are raffinose positive, whereas G. vaginalis is raffinose negative, and therefore feels that this is a useful differential test. As an adjunct to biochemical tests, Greenwood and Pickett (9) have proposed that the production of beta-hemolysis on human blood agar (V agar) be used, in part, as an identifying characteristic of G. vaginalis.
The fact that most isolates of G. vaginalis have been reported to hydrolyze hippurate (9) and ferment starch (1, 9) but not to ferment raffinose (21) suggests that these tests would prove reliable as final identification criteria for G. vaginalis.
This report presents the results of a study in which a rapid micro-starch-hippurate-raffinose (RM-SHR) method for the definitive identification of G. vaginalis was used and is the first time that these three substrates have been evaluated as a group to identify this organism. The principle of this method is adapted from a method previously described for the identification of Neisseria gonorrhoeae (23 The organisms isolated in our laboratories were identified as described below. Isolation and identification of cultures used in this study. In one of our laboratories, the organisms were isolated and subcultured on Gonococcus base (Difco Laboratories) plus 10o sheep blood. In the other laboratory, the organisms were isolated on Columbia blood agar (Columbia agar base [GIBCO Diagnostics] plus 5% sheep blood).
Isolation media inoculated with vaginal swabs or cervical swabs or both were examined after 24 h of incubation at 37°C in a 5% CO2 environment for the presence of tiny "dew drop" smooth transparent colonies. Preliminary tests for the presumptive identification of these isolates as G. vaginalis consisted of a Gram-stained smear and oxidase and catalase tests.
Isolates which were catalase-and oxidase-negative and were observed to be gram-negative bacilli were tested further by inoculation into cystine-Trypticase agar (CTA) medium (BBL Microbiology Systems) with the addition of dextrose, maltose, starch, or lactose as described by Shtibel and Toma (20) .
Isolates presumptively identified by the above criteria were tested biochemically in parallel by the con Subsequently, each of the previously identified isolates was retested with RM-SHR media and CTAbased dextrose, maltose, starch, and lactose media in the comparative study reported here. RM-SHR media. The media for raffinose and starch fermentation tests were prepared as follows. Rapid micro-base consisted of Casamino Acids (Difco; certified), 2 g; L-cysteine-hydrochloride, 0.03 g; sodium sulfate (J. T. Baker Chemical Co.), 0.03 g; neopeptone (Difco), 2.5 g; phenol red, 0.01 g; and distilled water, 100 ml. For completed rapid micro-media, 2 g of raffinose (Difco) or 2 g of soluble starch (Fisher Scientific Co.) was added to 100 ml of base. The pH was adjusted to 7.20 to 7.25 with 1 N sodium hydroxide. The complete raffinose medium was sterilized by filtration through a 0.45-p.m membrane filter (Millipore Corp.). Starch medium was sterilized by autoclaving at 121°C for 10 min.
The medium for the hydrolysis of hippurate was prepared as follows. For hippurate solution, 0.25 g of sodium hippurate (Difco) was added to 25 ml of distilled water. The solution was sterilized by filtration through a 45-p.m membrane filter (Millipore Corp). Microorganisms were inoculated into this substrate. For ninhydrin solution, 3.5 g of ninhydrin was added to 100 ml of a 1:1 mixture of acetone and butanol. This is the indicator used for detection of glycine production.
Just before use, approximately 0.025 ml (1 drop) of each sterile medium was added to sterile microtubes (disposable borosilicate glass, 6 by 50 mm; Kimble Div., Owens-Illinois, Inc.). The tubes were placed in microtiter V plates (Dynatech Laboratories, Inc.), and the media were allowed to warm to room temperature (22°C) before inoculation.
V agar. A total of 117 isolates confirmed as G. vaginalis were subcultured on V agar to evaluate the usefulness of this medium as described by Greenwood and Pickett (9) .
Method of inoculation. With a 3-mm diameter loop, one third of a loopful of pure growth of each isolate grown for 18 to 24 h on Difco Gonococcus base plus 10%o sheep blood agar or Columbia blood agar was inoculated into each of the three RM-SHR media. Particular attention was paid to emulsifying clumps of bacteria in the microtubes. Dispersal of organisms was accomplished by the mixing action of the loop. Without adequate emulsification and mixing, the reaction time was prolonged. After inoculation, the medium in the raffinose tubes was overlaid with 2 drops of sterile mineral oil. The oil overlay speeded up the fermentation reaction. Each of the isolates was also inoculated into CTA-based carbohydrates.
The inoculated tubes were then placed in microtiter plates and incubated at 36°C in a shallow water bath. The tests were read after 1 16, 1982 on January 26, 2018 by guest http://jcm.asm.org/ (Table 1) .
Of the 27 G. vaginalis-like organisms, all fermented lactose, 22 fermented dextrose and maltose, and 4 fermented starch.
V agar. Of 117 confirmed G. vaginalis isolates, 9 did not show beta-hemolysis when grown on V agar.
DISCUSSION
Various test schemes have been proposed for the identification of G. vaginalis; however, previously published work is inconsistent in terms of the number and selection of biochemical tests to be used for the identification of this organism. Although some studies used a larger number of tests for the identification of this species, the number of criteria necessary for differentiation and identification of G. vaginalis can be limited to a few (5) .
The choice of biochemical tests used in the RM-SHR method appears to be valid in light of the results. For 98.5% of G. vaginalis isolates, the expected result of starch and hippurate positive and raffinose negative confirmed their identity. Six G. vaginalis isolates failed to hydrolyze hippurate, a result which is in agreement with the observations of Greenwood and Pickett (10) , who earlier reported that a small percentage of G. vaginalis isolates do not hydrolyze hippurate.
The same organisms, when tested by the CTA carbohydrate test method, gave the expected result of starch, dextrose, and maltose positive and lactose negative for only 88.6% of the organisms, and a larger number of subsequent tests were required to properly characterize isolates which did not fit the expected biochemical profile.
As noted by previous workers (9), we also found that production of beta-hemolysis on V agar was a variable characteristic of G. vaginalis. Only 92.4% of the strains tested produced beta-hemolysis.
The 27 G. vaginalis-like organisms, when tested by the RM-SHR method, gave biochemical profiles for these three substrates which were different from the reactions expected for G. vaginalis. It is noteworthy that the six cultures in this group which hydrolyzed hippurate failed to ferment starch, and therefore, in contrast to the recommendation of others (10), we believe that the fermentation of starch is a useful identifying characteristic for G. vaginalis. The results obtained with the RM-SHR method underscore Smith's observation (21) of the value of including raffinose in a G. vaginalis identification scheme, since a positive reaction indicates a G. vaginalis-like organism.
Our proposed identification criteria, incorporating the RM-SHR test, should also prove beneficial in providing a means of distinguishing G. vaginalis from other organisms which are often isolated from the vaginal tract, such as Lactobacillus and Bifidobacterium species and diphtheroids (1, 5) . Some of these organisms may, on the basis of initial tests and gram-variable staining characteristics, be presumptively identified as G. vaginalis. The criteria we suggest will provide the proper identification in such cases, since Lactobacilli rarely ferment starch (2), whereas G. vaginalis does. Aero-tolerant strains of Bifidobacterium do not hydrolyze hippurate, in contrast to G. vaginalis, which does in the majority of cases. Diphtheroids are catalase positive and usually starch negative. In addition, diphtheroids and Lactobacilli grow well on sheep blood agar medium (Trypticase soy agar (BBL) plus 5% sheep blood) in comparison with G. vaginalis, which grows poorly on blood agar.
In addition to establishing identification criteria, our study has demonstrated the advantage of the micro-technique in that reagents are easily and economically prepared, produce clear-cut, unequivocal readings, and provide results within 1 h after inoculation.
We have found the use of the Gram reaction and oxidase and catalase tests, followed by the RM-SHR tests, to be a practical identification procedure in our laboratory and conclude that the RM-SHR method is a valuable diagnostic tool for clinical microbiology laboratories for the rapid identification of G. vaginalis.
